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ABSTRACT 



The spectrometric oil analysis program as applied to naval 
aviation was developed as a portion of the overall aviation safety 
program of the U. S. Navy. The equipment and techniques have been 
refined, and the program has been steadily expanded since its 
inception in 19S5. The value of this system in determining densi- 
ties of microscopic particles of certain oil-wetted wear metals 
in samples of oil extracted from aircraft engines has proved to be 
helpful in predicting incipient engine failure. In this study 
data relating to both reciprocating and jet engine models was ana- 
lyzed in an attempt to determine which of the following elements 
provided significant information regarding the internal condition 
of the engine: aluminum, iron, chromium, silver, magnesium, 

nickel, copper, and silicon. 

Multiple and simple linear regression analyses and correl- 
ation techniques were applied in order to determine the mathemat- 
ical model which corresponded most closely to the data compiled. 
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I . INTRODUCTION 



The United States Navy Spec trome trie Oil Analysis Program had 
a modest beginning in 1955 at the Naval Air Rework Facility, Naval 
Air Station, Pensacola, Florida. From this beginning the program 
has grown to the extent that it now enjoys a substantial amount of 
credit for the success of the Navy's overall compaign for aviation 
safety. The degree of success attained was largely due to the 
ability of certain types of spectrometers to detect changes in 
amounts of microscopic particles of metals suspended in an oil so- 
lution. Experience has shown that early identification of incip- 
ient engine failure may be recognized through proper interpretation 
of the analysis of rates of particle build-up in the oil samples . 

Current state-of-the-art spectrometry can measure concentra- 
tions of all of the important wear metals produced in an oil- 
lubricated mechanical system. Since metallic ions emit 
characteristic light spectra when vaporized in an electric arc, a 
unique spectrum for each metal is obtained. When the intensity of 
the spectrum is measured against a relative standard, the result 
is an estimate of the quantity of the metal present in the sample 
being analyzed. 

With the spectrometric analysis of the sample completed, the 
only remaining task involves interpretation of data. The acces- 
sion of modern unit record equipment has allowed the oil analysis 
program to expand and to build a sufficiently large data base 
from which statistical inferences may be drawn. This collection 
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of data and experience led toward the establishment of threshold 
limits for certain elements on each particular engine model. 

These limits have been delineated for use as a guide in determin- 
ing whether or not an engine is in need of overhaul. 

To assist engine mechanics in the performance of their mainte- 
nance duties, the analyst in the central laboratory at Pensacola 
can often pinpoint a potential trouble spot in an engine by noting 
which particular metal has exceeded its threshold. For instance, 
aluminum is often used in reciprocating engines for parts such as 
pistons, cylinder heads, and oil pump impellers. Copper is 
almost always used for bushings and intake valve guides, and nickel 
is used for exhaust valve guides. No single standard list can be- 
compiled which would be appropriate for all engines. However, 
each model has a list of standardized parts. This standardization 
within models is what allows the analyst at the central laboratory 
to detect not only probable, impending trouble but also to predict 
the engine part which will most likely fail. 
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II. CONCEPT OF THE STUDY 



This study will be concerned primarily with analysis of data 
collected during the period 1 July 1967 - 30 September 1967 at the 
Naval Air Station, Pensacola, Florida. Attention will be focused 
upon a reciprocating engine model produced by the Pratt and Whitney 
Aircraft Division, United Aircraft Corporation. The specific model 
is the R2000-6. The data for three different models of jet engines 
was also examined. The jet engine analysis covered models 
JS2-P-6, J60-P-6, and J33-A-24. Since the results relating to jet 
engine data differed from those relating to the reciprocating model 
a discussion of general results for the jet models is presented 
separately in Appendix H. The procedure for spectrometric analysis 
of oil samples is identical for both jet and reciprocating engines. 
Whenever a sample is analyzed by the spectrometer, the data is 
automatically recorded. Each sample provides a data point consist- 
ing of a number of components. Fifteen of the components which are 
of interest to this study are 

(1) Engine model number 

(2) Engine serial number 

(3) Date oil sample removed from engine 

(4) Hours since engine overhaul (engine operating hours) 

(5) Hours since engine oil change (engine operating hours) 

(6) Density of aluminum (parts per million) 

(7) Density of iron (parts per million) 

(8) Density of chromium (parts per million) 
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(9) Density of silver (parts per million) 

(10) Density of copper (parts per million) 

(11) Density of tin (parts per million) 

(12) Density of magnesium (parts per million) 

(13) Density of lead (parts per million) 

(14) Density of nickel (parts per million) 

(15) Density of silicon (parts per million) 

Throughout this study we shall refer to several of the above- 
mentioned elements less frequently than to others. For instance, 
silicon is the only non-metallic element in the data. It is used 
primarily as an indicator of the amount of sand that a reciprocat- 
ing engine has ingested from the atmosphere. Analysis for silicon 
contamination in jet engines has become meaningless due to the 
increased use of silicone additives in jet engine oils. 

Reference to a specific serial number of a specific model 
engine will be by the digit numbers (1), (2) , . . . , (26) rather than 
by the full six digit serial numbers. This simplifies the nota- 
tion throughout the study. Appendix A may be referred to for 
determining which serial number is related to which digit number. 

Practically speaking, the variables which can be measured 
without error are the hours since engine overhaul and the hours 
since engine oil change. These two variables have been designated 
the independent variables, and the densities of the ten elements 
have been designated as the dependent variables. The purpose of 
this study is the investigation of relationships which may exist 
between items (4) and (5) of the list of components, and the 
last ten items. 
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Since little information of an analytical nature exists, the 
observed data was plotted on a scatter diagram to aid in determin- 
ing what, if any, functional relationships exist. With acceptance 
of the assumption of normality, regression analysis provided the 
natural technique for analytically uncovering linear trends 
between the variables, and for expressing any existing functional 
relationships in mathematical form. By this method the best rela- 
tion among the variables was determined. Further analysis using 
correlation techniques showed the strength with which the variables 
were associated. When preliminary investigations into the data 
showed a rather high correlation between the two independent vari- 
ables, a stepwise regression procedure was conducted in order to 
determine the more desirable course of action: continuation of 

the analysis using multiple linear regression techniques, or 
simplifying the analysis by employing simple linear regression. 
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III. PROCEDURE 



Computations and computer plots for this study were conducted 
on the IBM 360 computer at the Naval Postgraduate School, 

Monterey. Initial scatter diagrams were not encouraging. The 
plot of each element versus each of the two independent variables 
was reproduced in Appendix B. These plots depicted the entire set 
of data points for all 26 engines for model R2000-6. Although the 
data did not appear to have strong linear properties, the plots 
were interesting enough to invite a more detailed investigation, 
particularly the trends exhibited by aluminum, iron, silver, and 
copper. 

A sampling of five of the engines was selected for individual 
plots and the data thus obtained graphed separately. The results 
are shown in Appendix C. These results proved to be far more 
encouraging since they reinforced the initial impression that the 
four elements; aluminum, iron, copper, and silver showed definite 
linear trends. 

Multiple linear regression techniques were applied to the raw 
data. The predicted value, (y*) , was expressed by the equation 

y’ = a + + bj X 2 

Here x-^ is hours since engine overhaul; and X 2 is hours since 
engine oil change. These are the variables affecting y which is 
the density in parts per million of the element being predicted. 
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